ABSTRACT: Fungal culture collections are important to biologists, microbiologists, epidemiologists and others involved in health and natural sciences. The improvement of techniques and methods for fungal isolation and preservation has contributed to maintain large microbial collections, which represent a rich source of biological sciences research, especially taxonomic, pathological and biodiversity studies as well as industrial applications. The collection centers are responsible for repository reference strains and for the maintenance of these microorganisms. The ITEM Microbial Culture Collection of ISPA (Institute of Sciences and of Food Production) includes more than 10,000 strains belonging to various agro-food microorganisms with phytopathological and toxicological significance. These microorganisms are mainly fungal pathogens belonging to toxigenic genera of Fusarium, Aspergillus,Alternaria, and Penicillium. This collection is a remarkable resource in the fight against mycotoxins: the increasing number of toxigenic fungi included in this collection ensures an original genetic source for biotechnological applications in several fields of research, contributing to knowledge improvement about fungal biology and strategies development for reducing mycotoxin contamination.
INTRODUCTION
Microorganisms are essential components of biological diversity, fundamental elements which guarantee the existence of sustainable ecosystems [Hawksworth 1991 [Hawksworth , 1992 .
Fifty percent of the living biomass on the planet is microbial [Center for microbial ecology, 1995] and microorganisms provide an important source of genetic information for molecular biology and biotechnology [Bull et al., 1992] .
The first report of a fungal culture collection on plant materials dated back to 1718 by Micheli [1729] . However, only one century later, sterile techniques started to be developed [Vittadini 1852 ]. The first independent center to endeavor preserving and supplying a wide range of fungal cultures was the Centraal bureau voor Schimmelcultures (CBS, Baarn, The Netherlands). Now located in Utrecht, the CBS has been a depository for patent strains since 1955.
The role of the first microbial culture collections, apart for teaching and pure research, was related to agriculture, brewing and medicine. In 1930, with the discovery of penicillin, the importance of these collections strongly raised together with the awareness that fungi are great sources of biological activities. The industrial and biotechnological applications of fungi include brewing and wine making, baking food processing, enzyme productions, antibiotics, organic acid and vitamin production, genetic engineering, pesticides and insecticides development [Smith et al., 1983; Reed 1982; Onions et al., 1981; Korzybsky et al., 1979] .
The increasing number of culture collections worldwide, private or institutional, mirrors the need to preserve this wealth protecting the microbial gene pool for biological researches, industrial applications and biodiversity preservation.
Roles and maintenance of culture collections Culture collections may be considered as living libraries of our natural scientific heritage [Sly 1998 ]. The access to cultures of microorganisms is an essential requirement for the management of microbiology and related disciplines.
The main roles of culture collections are: -to supply strains for research, teaching and industry in a timely and cost effective manner. In the case of pathogenic strains specific licenses may be needed for holding a strain in a laboratory, -to safeguard genetic resources as an insurance policy through holding stocks in long-term storage for future needs, -to make identifications and maintain type cultures for comparative purposes, -to store patent and industrial strains of microorganisms, -in education and training, -for biodiversity conservation: the number of fungal strains currently main tained in collections throughout the world is more than 170,000, representing approximately 7,000 species [Hawksworth and Kirsop 1988] .
The increasing demand of culture collections for authenticated, reliable biological material and associated information has paralleled the growth of biotechnology. Worldwide recognition of the need to preserve the microbial gene pool has highlighted the need for centers of expertise in culture isolation, maintenance, identification and taxonomy. For this purpose, organizations such as the World Federation for Culture Collection (WFCC) provided recommendations for good practice in culture collections and standards of operation for official guarantees acknowledgment.
Maintaining living microbial cultures requires specific conservation skills and quality assurance to ensure genetic stability. The number of strains maintained by a single culture collection is limited by 1) the equipment needed to guarantee an appropriate holding, 2) the representativeness of the strains, and 3) the specific aim of the collection.
The size and the methods for establishment and maintenance of a culture collection are strongly dependent on the means of the laboratory, both in term of space and economical resources. Nevertheless, whatever the size of the collection is, it must be properly maintained.
Traditionally, the isolates are cultured on agar slants of suitable media and then subcultured onto fresh slants at regular intervals. The subcultures are stored in a refrigerator until required, or until the next scheduled subculturing. This system, used for short term storage and routine procedures, has some serious drawbacks:
• risk of contamination -incorrect manipulation or conservation may lead to contamination of the culture, • loss of viability -if subculturing is not carried out at the required intervals and the cultures are inadequately stored, sensitive isolates may lose viability and be irrecoverable, • continued growth at chill temperatures -some organisms, such as Listeria monocytogenes, are capable of slow growth at 0 °C or even less, • labeling mistakes -subculturing a large number of agar slants many times carries a significant risk of a culture being wrongly labeled, • genetic drift and mutation -every subculture carries potential genotypic and phenotypic changes such as loss of virulence and resistance factors or reduced motility.
These inconveniences can make serious problems in a laboratory, inducing misleading results and loss of isolates. In order to avoid these drawbacks, The American Type Culture Collection (ATCC) recommends that no more than five passages (subcultures) should be made from the original type strain.
To overcome these problems, methods such as cryogenic storage and freeze-drying are used for long term storage, which guarantee a backup of the collection.
The cryogenic storage, usually with liquid nitrogen, is the most common method used for long term storage of cultures. The suspensions of spores, prepared in a cryoprotectant medium generally containing 10-15% glycerol, is dispensed into suitable containers, which are then immersed in, or suspended above, liquid nitrogen. If the isolate survives this process, the strain viability is guaranteed for several years.
Another method for long term storage is the freeze-drying, also known as lyophilisation. A thick suspension of spores is first prepared in a suitable suspending medium, such as 10% skim milk or a specific lyophilisation buffer. This suspension is then dispensed into small glass vials and frozen. Once frozen, they are placed in the drying chamber of a freeze dryer and dried under vacuum for 2-24 hours to remove water in the frozen state. When drying is complete the vial is sealed and then stored in the dark at 8 °C or less. Many bacterial and fungal species will remain stable and viable for at least a year under these conditions and in some cases cultures have been successfully revitalized many years later.
Due to the availability of innovations, in the trade and transportation as well as in the communication, as well as a precise legislation that regulates this exchange, the access to culture collections is easier, faster and less expensive than in the past, thus enhancing the growth of a high quality biological material and scientific services.
ITEM COLLECTION
Since 2002, the ITEM Microbial Culture Collection belongs to ISPA (Institute of Sciences of Food Production, Bari, Italy, emerged from the IstitutoTossine e Micotossine) and hosts about 10,000 microorganism, including strains of different genera of noteworthy phytopathological and toxicological importance such as Aspergillus, Alternaria, Fusarium, Penicillium, etc. In 1998 ITEM joined the European Culture Collection Organization (ECCO). The catalogue of the Collection was first published in 1997 and it is available online at www.ispa.cnr.it/Collection. For each fungal strain the following information are given on the website: a) name of the species, author/s, ITEM accession number; b) geographical origin, substrate/host, isolation, year, depositor, accession numbers of other Collections; c) biological, molecular, chemical and toxicological information; d) specific references.
The strains collected are related to the production of more than 100 bioactive metabolites with biologic interest (i.e. antibiotics, entomo-, phyto-and zoo-toxins). The strains are kept as single spore cultures, as fresh cultures on agar, or cryoconserved in liquid nitrogen. The collection offers services of safe deposit and preservation of cultures in the public collection, identification of fungal strains and selling service.
Importance of ITEM collection in the fight against mycotoxins
Mycotoxins [Bennett et al., 2003 ] are secondary metabolites produced by toxigenic fungi that contaminate food and feed chain in pre-and post-harvest processes and represent a great concern worldwide both about the economic implications and the health of consumers, whether direct or indirect. Mycotoxins are responsible for many different toxic effects within a wide range of severity, including the induction of cancer and intestinal, blood, kidney and nerve defects.
International trade in agricultural commodities such as wheat, rice, barley, corn, sorghum, soybeans, groundnuts and oilseeds amounts to hundreds of millions of tonnes each year. Many of these commodities are subjected to a high risk of mycotoxin contamination. The FAO estimated that each year between 25% and 50% of the world's food crops are contaminated with mycotoxins [FAO, 1988; Mannon and Johnson 1985] .
Mycotoxin contamination is now one of the most insidious challenges to overcome in food quality. The possibility of accessing the great biodiversity represented in the ITEM collection is fundamental to deepen the knowledge of toxigenic fungi.
The availability of a culture collection allows a wide range of research applications:
• Identification of toxigenic fungi and evaluation of mycotoxigenic risks, • Research on reproduction and biodiversity, phylogenetics and population genetic studies, • Development of new molecular probes to detect microbial contamination, • Development of new diagnostic methods and biomarkers, • Development of new methods to isolate, characterize and quantify metabolites, • Development of detoxification strategies.
In recent years particular efforts have been made to analyze the etiology, epidemiology and ecophysiology of toxigenic fungi and their ability to produce and accumulate mycotoxin in pre-and post-harvest of the most important crops and agro-food chain, especially in the Mediterranean area.
The main commodities considered were cereals and cereal-based products, grape and wine, fruits and vegetables, while the mycotoxins of most concern from a food safety perspective include aflatoxins, ochratoxin, patulin, Alternaria toxins, citrinin and toxins produced by Fusarium spp. [Desjardins and Proctor 2007] , including fumonisins, trichothecenes (principally nivalenol, deoxynivalenol, T-2 and HT-2 toxin) and zearalenone.
The results of multidisciplinary approaches have led to the biological, molecular and toxigenic characterization of Fusarium species (ITEM collection hosts more than 3700 Fusarium strains) mainly colonizing crops and showing different mycotoxicological profiles and specific toxicological risks. Epidemiological studies dealing with ochratoxin producing species showed that higher occurrence of strains contaminating grapes and wine is related to the species of Aspergillus section Nigri.
The success of these efforts is based on the correct isolation and collection of the isolates. The proper maintenance of the ITEM culture collection and its improvement is fundamental to achieving this goal.
Today, the ITEM collection is continuously growing in terms of strains number and species included. ITEM collection represents a wealth for the international research community. It provides an abundance of materials and information available for research and promotes the increase of knowledge about fungal biology, contributing to the development of strategies for reducing mycotoxin contamination worldwide.
